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Abstract   
DVD-video  is  becoming  more  and  more  popular  as  the  cost  of  hardware  and  media  falls 
but  the  world  of  technology  has  moved  on  since  the  format  was  finalised.  New  and  better 
encoding  formats  have  been  produced  and  there  is  a  possibility  that  DVD’s  will  become 
obsolete  just  as  it  becomes  mainstream. 
The  MPEG4  derivative  DivX;)    claims  to  have  the  capability  of  storing  10  times  as  much 
video  as  DVD-video,  without  a  loss  of  quality.  This  paper  compares  the  current  DVD-
video  format  with  the  MPEG4  and  DivX;)  codec’s.   
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Introduction   
DVD-video  is  fast  becoming  the  new  household  standard,  superseding  VHS,  Video  CD 
and  many  other  forms  of  video  format.  It  is  the  reduction  in  cost  of  a  DVD  home  cinema 
set-up,  and  superior  quality  over  all  existing  formats  that  guarantees  its  success.     
However  since  the  DVD-video  standard  was  finalised  in  1996[1]  the  world  of  computing 
has  changed  dramatically. 
It  is  important  to  note  that  the  DVD  is  protected  by  the  Content  Scrambling  System 
(CSS)  [2,  3]  which  has  been  cracked  and  so  DVD  copying  is  very  easy.  Hollywood, 
although  not  happy  about  this  has  often  brushed  off  the  problem  saying  that  the  copying 
technologies  are  only  open  to  experienced  computer  users  who  have  enough  money  to 
buy  the  expensive  equipment  required  and  that  exchanging  large  video  files  (over  7GB) 
across  the  Internet  is  not  practical  in  today’s  world. 
Microsoft’s  MPEG4  codec  is  able  to  dramatically  reduce  the  size  of  files,  and  has  been 
optimised  by  computer  hackers  to  produce  DivX;).  DivX;)  is  so  successful  that  there  are 
now  projects  and  businesses[4]  formed  around  the  format  which  claims  to  be  able  to 
reproduce  DVD  quality  video  with  only  10%  of  the  storage. 
This  of  course  opens  up  a  whole  new  arena  for  video  on  demand  across  IP  based 
broadband  networks  [4]  and  many  other  such  technologies.  Unfortunately  it  also  brings 
video  piracy  closer  to  the  average  computer/internet  user.  With  the  long  awaited  arrival 
of  ADSL  in  the  UK  and  wide  distribution  of  Broadband  in  the  USA,  downloading  a 
700MB  video  file  across  the  Internet  is  not  as  laborious  as  the  days  of  modem  access. 
With  the  claimed  DivX;)  performance  in  mind  and  the  breach  of  the  CSS  security  on 
DVD’s  would  it  appear  that  there  is  a  need  for  a  DVD  version  2,  which  has  the  capability 
of  storing  15  full  length  videos  per  side  of  disk  (30  on  a  4  layered  disk).   
It  is  commonly  known  that  new  technology  often  fails  to  meet  expectations  and  so  this 
report  looks  into  the  possibility  of  using  DivX;)  to  produce  a  DVD  quality  video  in  only 
10%  of  the  storage  space.  The  reduction  in  storage  space  cannot  come  without  costs  and 
the  aim  is  to  identify  these  and  see  if  the  DivX;)  technology  could  warrant  a  rethink  on 
the  DVD-video  standard. 
This  paper  has  two  primary  objectives.    The  first  is  to  explain  the  DVD,  MPEG4  and 
DivX;)  formats  and  the  relationship  between  these  technologies.    The  second  is  to  test  the 
claims  of  the  DivX;)  format  that  DVD  video  could  be  encoded  with  no  perceptible  loss  of 
quality  at  10%  of  the  original  size.  The  second  objective  is  performed  by  using  a  series  of 
tests  on  a  DVD  clip  from  the  film  ‘The  Matrix’. 
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Background   
DVD,  originally  stood  for  Digital  Video  Disc,  then  Digital  Versatile  Disc,  but  is  now  just 
"DVD".  It  is  a  new  optical  disc  storage  technology  with  the  physical  size  and  appearance 
of  a  CD,  but  with  greater  capacity. 
There  are  many  different  DVD  specifications  [5]:- 
·  DVD-ROM  is  a  high  capacity  data  storage  medium,  which  is  similar  to  CD-ROM.   
·  DVD-Video  is  a  specific  application  of  DVD  designed  to  deliver  linear  motion 
picture  content.   
·  DVD-Audio,  which  is  similar  to  CD  Audio  and  is  designed  for  audio-only  usage.   
·  DVD-R  or  DVD  recordable  permits  one  time  recording  of  data,  a  write  once,  read 
many  (WORM)  implementations.   
·  DVD-RAM  is  erasable  and  rewritable  (IMA  DVD  SIG)  format. 
A  DVD  is  made  up  of  layers  each  capable  of  storing  4.7GB.  A  maximum  of  two  layers 
can  be  used  and  hence  a  double  sided  disk  can  store  up  to  17GB  [6],  which  is  roughly 
equivalent  to  4  complete  videos  stored  in  the  DVD-Video  format  -  MPEG  2  and  Dolby 
Ac-3  audio  (IMA). 
It  is  fair  to  say  that  DVD  is  a  well-established  format  with  a  wide  range  of  players  and 
media  available.  It  is  certainly  becoming  the  technology  of  choice,  especially  as  the  cost 
of  the  equipment  is  dropping  and  is  intended  to  replace  audio  CD,  videotape,  laserdisc, 
CD-ROM,  and  video  game  cartridges  in  the  future.  It  has  received  unprecedented  support 
from  all  the  major  electronics  and  computer  hardware  companies,  and  most  major  video 
and  music  studios. 
In  this  paper  any  mention  of  DivX;)  refers  to  the  modified  MPEG  4  codec  and  is  not  to  be 
confused  with  the  proprietary  standard  Divx,  Digital  Video  Express  which  was  created  by 
Circuit  City  and  the  Hollywood  law  firm  of  Ziffren,  Brittenham,  Branca,  and  Fischer  as  a 
DVD  rival  [7].  The  Digital  Video  Express  project  was  abandoned  in  1999[8]. 
DivX;)  was  created  by  a  French  Engineer,  Jerome  Rota  and  a  German  hacker  Max 
Morice  and  was  named  as  a  mocking  reference  to  the  failed  DVD  derivative  Divx.  It  is 
nothing  more  than  a  hacked  version  of  the  Microsoft  MPEG4  codec.  
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DVD-DivX;)  Comparison 
DivX;)  is  popular  and  has  over  12  million  downloads  which  has  earned  it  the  name  of 
being  the  MP3  [9]  of  the  video  world.  This  in  itself  indicates  that  the  format  is  of  a  usable 
quality  but  does  not  mean  that  the  quality  is  equal  to,  or  better  than  DVD,  or  the  MPEG4 
standard  from  which  it  was  derived.   
The  first  thing  to  understand  is  everything  that  is  expected  from  a  current  DVD-
video[10]. 
·  Dolby  Digital  5.1  surround  sound  [11]. 
·  Interactive  menus. 
·  Optional  sound  tracks,  voice  and  languages. 
·  High  resolution  picture  quality  (720x576dpi). 
·  Fast  25  or  30  frames  per  second. 
DivX;)  is  just  a  compression  technology,  aimed  at  video,  and  so  for  DivX;)  to  compete 
with  the  DVD  market,  it  would  have  to  compete  with  all  the  DVD  features.  Therefore 
assuming  that  it  is  possible  to,  at  a  later  stage  incorporate  all  the  other  features  without 
any  added  overhead  the  comparison  is  reduced  to  a  MPEG2  versus  DivX;)  without 
sound. 
For  the  testing  a  well  known  video  scenes  was  used,  the  ‘Lobby  Shooting’  from  the 
Matrix  [12].  This  is  an  exceptionally  fast  moving  scene  with  lots  of  high  quality  motion 
and  so  should  be  a  good  test  for  the  codec’s.  The  exact  file  and  machine  details  can  be 
found  in  Appendix  1. 
It  is  important  to  note  that  most  DVD’s  have  a  resolution  of  720x576  but  on  the  example 
chosen  this  is  not  necessary.  The  actual  picture  is  720  wide  but  is  only  320  high;  this  is 
because  it  is  wide  screen.  This  is  where  the  first  DivX;)  hack  comes  into  play.  It  is 
recommended  that  the  films  are  cropped  so  that  only  the  actual  film  picture  is  stored.  The 
‘quality  ‘  of  the  film  is  the  same  and  there  is  not  any  resizing  or  ratio  distortion  but  it 
could  be  argued  that  less  of  the  information  is  being  stored  and  therefore  you  would 
expect  the  storage  to  be  significantly  smaller.   
Creating  a  DivX;)  video  from  a  DVD  is  not  a  simple  process,  first  the  DVD  VOB  [13] 
files  have  to  be  ripped  from  the  DVD  and  stored  (up  to  7GB).  A  VOB  contains  several 
streams  multiplexed  together:  Video,  Audio  and  Subtitles.  Video  is  MPEG-2,  audio  can 
be  AC-3,  Linear  PCM,  Mpeg  2  multichannel  or  MPEG1  layer2  2  channel  audio.  AC3  is 
pretty  much  the  standard  and  MPEG-2  multichannel  can  only  be  found  on  very  few  discs 
as  this  format  was  initially  considered  to  be  the  standard  format  in  Region2  (Europe  and 
Japan)  but  was  later  dropped.  PCM  is  mostly  found  on  music  DVDs  and  MP2  on  cheaper 
productions.  PCM  is  high  quality  uncompressed  audio,  which  takes  a  lot  of  space.  AC3  
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streams  have  a  Bitrate  between  192  and  448kbit/s.  192kbit/s  is￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿ ￿ ￿ ￿ ￿￿ ￿
￿￿￿￿ ￿￿ ￿￿ ￿ ￿￿￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿￿￿￿￿￿￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿￿ ￿￿￿￿￿￿￿￿ ￿￿   The  storage  of  VOB’s  not 
compulsory  with  new  programs  like  XMPEG  [14],  which  can  rip  the  files  straight  from 
the  DVD  as  the  encoding  takes  place.  If  you  have  a  computer  that  is  slightly  old  it  may 
take  a  long  time  to  encode  a  DVD  and  this  would  involve  running  the  DVD  player 
constantly  which  may  not  be  recommended,  also  DVD  players  have  a  slower  seek  time 
than  hard  drives  and  so  storage  is  recommended.  The  process  of  saving  the  VOB  files, 
and  hence  overcoming  the  CSS  security  on  the  DVD  is  called  ripping. 
Once  the  files  are  stored,  the  reprocessing  can  begin.  The  overall  encoding  process  can  be 
seen  in  Figure  1.  The  first  set  of  tests  compares  the  MPEG2,  MPEG4  and  various  DivX;) 
codec  settings.  The  results  of  which  can  be  seen  in  Table  1.   
Even  though  this  experiment  does  not  involve  sound  it  is  advantageous  to  note  that  in  a 
‘normal’  case  the  sound  would  have  to  be  ripped  as  well.  This  involves  either  recording 
the  sound  track  as  a  WAV  and  then  converting  it  to  an  MP3  (Stereo  sound  only)  and  then 
merging  it  with  the  video  as  the  encoding  takes  place.  On  the  other  hand  the  Dolby  5.1 
sound  can  be  preserved  by  using  an  AC3  audio  track  [11]  but  will  of  course  take  up  more 
space  than  MP3.  Also  when  creating  the  sound  it  is  recommended  to  boost  the  volume  by 
180%  as  the  sound  tends  to  become  weak  after  encoding[14]. 
OR
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Figure  1.  DVD  to  DivX;)  Conversion  process.  
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Test  Results 
The  specification  of  the  computer  used  can  be  seen  in  Appendix  2,  and  all  the  videos 
were  recorded  at  the  original  frame  rate  of  25framse/sec.  The  results  were  as  follows. 
Codec  Filter  Screen  Quality  File  Size 
(Kb) 
Time 
taken 
Bit  Rate 
(Kb/s) 
Size 
(%) 
MPEG2  DVD-
Video 
Standard 
720x576  DVD 
quality 
121,840  N/A  N/A  N/A 
MPEG4  As  close  to 
DivX;) 
settings  as 
possible 
720x320  High 
quality, 
but  with 
fast 
motion 
lines 
29,537  16.20  15000  24.24 
Bressenham  720x320  Below 
DVD 
quality 
18,904  6.20  Auto  best 
quality 
15.51 
Nearest 
Neighbour 
720x320  Poor 
quality 
18,968  5.30  Auto  best 
quality 
15.56 
Bilinear  720x320  Good 
quality 
18,915  9.20  Auto  best 
quality 
15.52 
(SSE) 
BiCubic 
720x320  Very 
good 
quality 
18,732  7.20  Auto  best 
quality 
15.37 
DivX;) 
Pseudo 
BiCubic 
720x320  Good 
quality 
18,642  10.10  Auto  best 
quality 
15.30 
Table  1.  Comparison  of  different  DivX;)  filters  and  MPEG  codec’s. 
Although  the  results  are  good  with  an  average  84%  reduction,  it  is  still  short  of  the 
claimed  90%  reduction.  There  are  however  tens  of  variables  and  parameters  that  can  be 
altered  to  give  a  better  picture  and  these  are  dependant  on  the  content  of  the  film,  which 
makes  it  almost  impossible  to  be  sure  that  the  best  setting  have  been  achieved.  The  battle 
is  usually  between  storage  space,  picture  quality,  picture  smoothness  and  encoding  time. 
Table  1  shows  that  the  SSE  BiCubic  cubic  filter  is  the  best  to  use  for  this  scene  (usually 
always  performs  best).  The  SSE  is  a  filter  that  is  optimised  to  use  the  new  Pentium  4  [15] 
operations.  If  these  are  not  present  then  the  encoding  using  the  standard  BiCubic  filter  
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time  takes  over  10%  longer.  There  are  a  few  alterations  that  can  be  made  to  the  picture  to 
optimise  the  quality:- 
·  The  picture  quality  tended  to  become  darker  than  the  original  and  it  is  necessary 
to  increase  the  brightness  by  25-30%  to  reproduce  the  exact  picture  quality. 
·  The  cropping  has  to  produce  a  picture  resolution  that  is  divisible  by  16. 
·  The  bit  rate  can  be  manually  lowered  until  the  optimal  picture  is  produced. 
·  Using  a  two  pass  strategy  to  collect  statistics  before  encoding. 
By  altering  the  above  parameters  on  the  optimal  filter,  BiCubic  the  following  results  were 
obtained. 
Bitrate  Resolution  Quality  File  size  Size  (%) 
1000Kb/s  720x320  Good  20,472  16.80 
Auto  720x576  Fast  motion  lines  visible  16,625  13.64 
Auto  720x320  Very  Good  15,792  12.96 
780Kb/s  720x320  Blocks  almost  becoming 
visible 
12,612  10.35 
650Kb/s  720x320  Blocks  visible,  unsuitable    11,130  9.13 
Table  2.  Variation  in  quality  as  the  Bitrate  is  changed  using  a  BiCubic  Filter.   
Changing  the  parameters  is  not  an  exact  science  and  unexpected  results  often  result  in 
small  changes  in  a  parameter  due  to  parameter  dependency.  The  above  set  of  results 
shows  that  the  best  ‘DVD’  picture  can  be  achieved  in  12.9%  of  the  original  size,  which  is 
not  as  close  to  the  claimed  10%  as  we  would  have  hoped. 
The  chosen  scene  contains  fast  action  and  high  motion  pictures,  which  should  result  in 
the  maximum  file  size  and  so  over  an  entire  film  the  average  should  be  closer  to  the 
claimed  value.  The  other  thing  to  take  into  account  is  that  if  the  sound  track  is  converted 
to  MP3  at  94Kb/s  there  would  be  a  significant  saving  in  space  and  hence  if  a  film  was 
determined  as  sound  +  picture  then  the  DivX  +  MP3  combination  would  be  about  10%  of 
the  original.  This  comes  with  reduction  in  sound  quality  and  hence  cannot  be  deemed  the 
same  as  DVD-video. 
The  reason  that  high  motion  pictures  require  more  storage  is  because  more  information  is 
required  to  get  to  the  next  frame.  Unlike  VHS  where  every  frame  is  complete,  DivX  (and 
many  other  compression  algorithms)  only  store  the  information  required  to  move  to  the 
next  frame.  So  2  frames  exactly  the  same  will  result  in  just  one  being  stored.  So  the  entire 
film  could  be  made  up  with  the  first  frame  being  stored  completely  and  then  all  the  
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differenced  between  frames  being  stored,  resulting  in  a  complete  film.  This  is  not  the  case 
since  it  can  become  distorted  and  so  key  frames  are  inserted  at  intervals,  usually  at  least 
one  a  second.  If  the  film  is  high  motion  then  there  is  little  similarity  between  the  frames 
and  so  almost  the  entire  frame  has  to  be  stored  resulting  in  little  saving  on  storage.  So 
using  high  motion  film  for  the  testing  is  a  good  idea  to  indicate  a  worst  case  scenario.   
Related  Topics 
If  only  the  picture  and  sound  is  required,  then  10%  is  a  realistic  figure  only  if  a  stereo 
MP3  soundtrack  is  used.  This  difference  is  not  noticeable  to  the  human  ear  unless  the 
user  is  playing  the  film  on  a  Dolby  digital  surround  sound  system.  If  this  is  the  case  then 
the  directional  sound  is  lost.  With  home  cinema  entertainment  systems  becoming  more 
popular  it  may  not  be  an  acceptable  compromise. 
The  main  problem  of  changing  the  format  is  that  users  who  have  invested  in  the  current 
technology  tend  to  be  reluctant  to  want  another  change  unless  the  benefits  are  huge, 
which  is  not  the  case  here.  Most  DVD-videos  don’t  fill  the  disk  and  so  the  only  gain  is  in 
the  number  of  DVD’s  that  users  have  to  store.  When  multi  angle  DVD’s  become 
mainstream  there  will  be  the  need  to  store  much  more  data  on  the  DVD  and  so  new 
compression  technologies  may  have  to  be  adopted. 
The  hardware  required  to  play  DivX;)  has  to  have  more  processing  power  than  a  standard 
DVD  player,  or  if  on  a  PC  needs  a  faster  CPU.  The  argument  that  the  hardware  is 
expensive  is  unfounded  because  an  entry  level  PC  has  the  capability  of  play  DivX;)  and 
the  storage  can  be  as  simple  as  CD-R.  The  hard  part  is  encoding  the  video,  to  the  extent 
that  there  is  online  trading  of  DVD  ripping  ‘settings  files’  and  much  effort  is  going  into 
making  the  software  more  user  friendly.  The  testing  comparison  in  Table  1  was  carried 
out  on  a  1.8Ghz  Pentium,  which  has  capability  of  encoding  ~7  frames  a  second  so 
encoding  a  1hr  film  takes  just  over  3hours.  If  this  was  done  on  an  entry-level  machine  it 
could  take  up  to  14  hours  and  so  selecting  the  correct  settings  is  paramount  to  avoid 
having  to  re-encode.  This  may  appear  to  be  a  long  time  but  it  is  not  too  excessive  and 
once  optimal  settings  have  been  chosen  the  encoding  can  be  turned  into  an  overnight 
process. 
With  this  in  mind  the  future  of  DivX;)  looks  strong.  Microsoft  have  taken  a  soft  view  on 
the  codec  for  the  time  being  as  they  have  not  wanted  to  get  drawn  into  the  video  piracy 
legal  realm  but  there  may  become  a  stage  where  they  want  to  exert  the  copy  write  laws 
and  that  would  be  the  end  of  DivX;).  It  is  extremely  unlikely  that  they  will  do  this  as 
Microsoft  have  been  working  on  version  8  of  Windows  Media  which  claims  to  be  able  to 
produce  ‘Near-DVD  Quality’  at  500kbs  and  DivX  is  becoming  a  commercial  product 
under  the  title  of  ProjectMayo  [16].  The  new  Windows  Media  v8  demos  can  be  seen  on 
the  Microsoft  site  and  the  quality  is  almost  indistinguishable  from  DivX;)  [17].    
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Conclusion   
In  one  word,  yes  it  is  possible  to  encode  a  DVD-video,  into  a  file  that  is  10%  of  the 
original  size,  however  it  is  not  necessarily  the  case  that  it  is  of  the  same  quality. 
Just  looking  at  the  picture  and  ignoring  the  sound  it  is  possible  to  reduce  a  high  motion, 
fast  moving  video  to  about  12-14%  of  its  original  size.  This  is  not  as  good  as  the  claimed 
10%  but  since  the  file  size  is  dependent  on  the  video  motion  this  is  an  upper  limit.  Over  a 
film  the  high  motion  and  low  motion  parts  will  average  out  closer  to  the  claimed  10% 
value. 
The  main  thing  to  note  is  that  there  exists  a  technology  that  is  capable  of  reducing  video 
file  sizes  by  nearly  an  order  of  magnitude.  DivX;)  is  only  a  modified  codec  that  is  capable 
of  producing  remarkable  results  and  so  if  the  commercial  OpenDivX  project, 
Projectmayo  inherits  this  performance  the  results  could  be  outstanding. 
A  re-encoded  video  from  a  DVD  looses  all  the  interactive  menus,  language  and  camera 
angle  changing  capabilities  and  so  there  would  have  to  be  a  way  of  including  these, 
which  may  make  the  format  more  bulky.  Subtitles  are  supported  on  most  DivX;)  players 
and  have  very  little  overhead.  So  if  the  DivX;)  format  was  only  used  for  the  compression 
on  a  new  DVD  format  then  there  would  be  a  substantial  space  saving,  not  90%  but 
certainly  enough  to  make  the  idea  worth  considering. 
The  DivX;)  technology  really  comes  into  its  own  when  used  for  mobile  devices  and  video 
over  IP.  Recently  DivX;)  for  the  PocketPC  0.6  [18]  was  released  which  has  the  capability 
or  running  low  quality  colour  video  on  mobile  devices.  It  looks  as  if  we  can  expect  to  see 
more  applications  of  this  type  in  the  future  and  some  may  argue  that  DivX;)  is  just  the 
start  of  the  video  revolution.    
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Appendix 
Appendix  1  -  The  test  DVD 
DVD        The  Matrix 
Scene    The  Lobby  Shooting 
Duration  2.46min 
MPEG2  file  size    121,840k  (No-Sound) 
Frames/Sec    25 
Resolution    720x576 
Widescreen  2:35:1 
Colour  PAL 
 
Appendix  2  -  Computer  hardware  Used 
CPU  Pentium  4 
CPU  Speed  1.8Ghz 
Graphics  card  ATI  3D  RAGE  Pro  32MB 
Hard  Drive  40GB  Maxtor  4K040H2 
DVD  Drive  12x  Creative 
 
Appendix  3  -  Software  used 
DVD  ripping  Smart  Ripper   
Codec  DivX;)  4.02  www.divx.com   
  Microsoft  MPEG2/4  www.microsoft.com   
Encoding  Software  Xmpeg  v4.1   
  Windows  Media  Encoder  www.microsoft.com   
 